IMPORTANCE Reoperation for recurrent papillary thyroid cancer (PTC) can be associated with a high rate of complications and failure to provide lasting remission. Percutaneous ethanol injection (PEI) may be an effective nonsurgical management option for locally recurrent PTC.
recurrence rates can be high, especially in patients with macroscopic nodal metastases at first presentation. 2 This risk has been reported to be as high as 30% to 40%, even after appropriately aggressive initial lymph node dissection during the primary surgery. [3] [4] [5] [6] And while surgical resection is regarded as the standard treatment for recurrence, rates of remission after reoperation range from 19% to 67%, depending the exact definition of remission. 7, 8 Furthermore, reoperation for locally recurrent PTC continues to present a risk of complications greater than that for primary surgery. While the risk of recurrent laryngeal nerve (RLN) injury in primary surgery is reported to be 0% to 3%, for reoperation this risk can be as high as 12%. 9, 10 Percutaneous ethanol injection (PEI) is a treatment technique that may be able to treat PTC lesions with an acceptable degree of efficacy while avoiding most of the complications of surgical intervention. 11, 12 However, to our knowledge, there are no large, high-quality studies to provide unequivocal conclusions regarding efficacy of PEI.
The first aim of our study is to compare the corresponding PTC-specific end points of PEI and reoperation in the existing literature and draw a preliminary conclusion regarding PEI's efficacy in achieving immediate control of locally recurrent metastatic disease. Our second aim is to elucidate the biggest obstacles to a fair comparison of the 2 procedures that prevent firm recommendations regarding the use of PEI and reoperation in treatment of recurrent PTC.
Methods

Literature Search
A literature search of PubMed, EMBASE, the Cochrane Library, and ClinicalTrials.gov was performed independently by 2 investigators. To identify all work concerning PEI in treatment of thyroid cancer, all databases but PubMed were queried with the search terms "thyroid, ethanol"; for PubMed, the search term "thyroid, ethanol ablation" was used for more precise results. Subsequently, search terms "recurrent, thyroid cancer, repeat surgery" were applied to the same set of databases.
Prospective and high-quality retrospective cohort studies and case series were included in the study. All titles available by January 2014 were reviewed. Non-English language manuscripts, scientific literature reviews, animal studies, single case reports, and studies with fewer than 10 locally recurrent PTC lesions were excluded. Only patients with a diagnosis of PTC and prior primary surgery of single or staged total thyroidectomy with appropriate lymph node dissection where indicated were included in the analysis.
Outcomes evaluated included intervals to detection of recurrence, retreatment success rates, change in thyroglobulin (Tg) serum levels, recurrence rates, complication rates, and follow-up duration. Ultrasonography was the most commonly used technique to monitor outcome of treatment. Successful treatment by PEI was defined as shrinkage of the lesion by 50% or greater on follow-up ultrasonography and no evidence of new growth within the lesion. Failure of PEI was defined as any growth in a PEI-treated PTC lesion. Successful reoperation was defined as a complete resection of the nidus of metastatic disease in a previously dissected or uninvolved neck compartment as demonstrated by postoperative follow-up ultrasonography. Reoperation failures were any incomplete resections, except for cases in which incomplete resection was required to preserve RLN function.
In both treatment techniques, recurrences were defined as any new PTC lesions in the cervical region or in distant sites identified by routine monitoring (ultrasonography, computed tomography [CT] , positron emission tomography [PET], or radioiodine scan).
Analysis
Systematic analysis was performed on pooled raw data, including total number of patients, successfully treated patients, patients with recurrences, and instances of complications. These outcomes data were transcribed in tabular form. Between-group outcome differences were calculated using random-effects models and logistic regression analysis. The Wilcoxon rank-sum test was applied for testing the differences in Tg serum level values between the 2 study groups. Outcomes calculated were univariate owing to lack of data regarding confounding factors, which prevented control for these variables. Heterogeneity could not be assessed from the available data. Nonhuman studies included in vivo proof-of-concept and safety trials in laboratory animals; nonthyroid disease included hepatic or melanoma lesions; nonneoplastic thyroid disease included hot or cold benign thyroid nodules, multinodular goiter, Graves disease, and colloid cyst; fewer than 10 patients refers to studies with fewer than 10 patients or individually treated lesions (applicable to percutaneous ethanol injection studies only). PTC indicates papillary thyroid carcinoma; TT, total thyroidectomy.
Results
Our literature search for studies evaluating reoperation returned a total of 300 titles; our search for PEI resulted in 645 titles; together the 2 searches returned a total of 945 source titles for review of PEI and reoperation ( Figure) . There were no studies that directly compared the 2 treatment techniques. A total of 611 titles featuring animal studies or nonthyroid disease were excluded. Abstracts were reviewed and 286 reviews and studies were excluded for lack availability of English-language report and lack of focus on nonneoplastic thyroid disease. Fortyeight texts were closely evaluated to exclude those studies that did not distinguish between PTC and non-PTC thyroid cancers (23 studies), included patients with primary surgery other than total thyroidectomy (8 studies), and those with fewer than 10 patients (4 studies). Three of the reviewed studies appeared in more than 1 database collection and were counted only once. Seventeen full texts of relevant referenced studies were reviewed. Nineteen of the originally considered titles and 8 of the reviewed references met inclusion criteria, for a total of 27 studies included in the final analysis.
A total of 1617 patients with recurrent PTC were included in this systematic analysis. Percutaneous ethanol injection was used to treat 270 metastatic PTC lesions in 168 patients (11.4%). Reoperation was used to treat 1449 patients (88.6%) for dissection of the involved compartment. (Because the surgical approach requires en bloc removal of all lymph nodes in a series, total number of lymph nodes resected is rarely reported. Therefore, "number of lesions" could not be analyzed for the reoperation approach.) Table 1 and Table 2 list the characteristics of the included studies and the patient populations they evaluated. Median percentage of patients with lymph node involvement at the time of the initial thyroidectomy was 66.0% in studies evaluating reoperation and 73% in PEI studies. Patients in the reoperation group of studies had undergone a median of 1.3 prior reoperations for metastatic lymph node; patients in PEI studies had been operated on a median of 2.1 times before attempting PEI treatment. The interval to detection available in 12 studies evaluating reoperation for recurrent PTC showed a median of 36 months (range, 8-62 .4 months) from the time of initial surgery. In studies evaluating PEI, this period was a median of 53 months (range, 24-78 months), but for PEI, the data were available in only 3 studies. Most metastases were identified by routine screening ultrasonography (26 of 27 studies) with fine-needle aspiration biopsy (FNA) confirmation (22 of 26 studies). The average number of lymph nodes resected during reoperation was 10.05. The average number of lymph nodes treated in studies examining PEI was 1.6 per patient. The mean (SD) estimated initial volume of the treated lymph nodes was 0.45 (0.19) mL.
Based on the analysis of the pooled data, surgery was successful in 94.8% of studied cases compared with an 87.5% success rate for PEI treatment (odds ratio [OR], 2.58; 95% CI, 1.55- 4.31; P < .001). The PEI pooled PTC risk of recurrence at the site of the treated lesion or elsewhere in the neck was 11.9%; the recurrence rate for patients who underwent a reoperation was 12.7% (OR, 1.07; 95% CI, 0.65-1.77; P = .78). Surgery was associated with a 3.5% pooled risk of complications, while PEI incurred a pooled risk of 1.2% (OR, 2.9; 95% CI, 0.72-12.3; P = .08). However, uneven distribution of the treated lymph nodes in central and lateral compartments complicates this comparison ( Table 3) .
The mean Tg serum levels in PEI studies ranged from 0.7 to 9.2 ng/mL compared with those of reoperation studies, which ranged from 3.2 to 431 ng/mL (P = .02) ( Table 4) . Post-PEI Tg serum levels ranged from 0.2 to 2.8 ng/mL compared with reoperation postoperative Tg serum levels of 0.3 to 127.5 ng/mL (P = .01). Two of the 5 PEI studies and 4 of 10 reoperation studies demonstrated Tg serum level decline of greater than 75% after treatment. The overall difference in Tg serum level change was not significantly different between the 2 groups. While 3 studies evaluating reoperation demonstrated a Tg level rise of 15% to 151% due to extreme outliers in those data sets, the other 7 demonstrated a postoperative decline of 31% to 98% and an overall median decline of 73%; PEI studies demonstrated a decline of 28% to 97% (median decline, 71%) (P = .67).
The mean (SD) follow-up period during which ultrasonography was performed in studies evaluating reoperation was 31.1 (24.6) months, while for PEI it was 32.9 (14.7) months.
Discussion
Based on the presently available data regarding reoperation and PEI for locally recurrent PTC, reoperation is superior to PEI. While PEI treatment shows potential in specific populations, the failure and recurrence rates are significantly higher than those for reoperation. Reoperation should remain the standard of care for recurrent PTC.
Reoperation carries significantly higher complication risk than primary surgery, but it can still provide highly successful outcomes both in terms of low rate of complications and low risk of recurrence.
3 Selective resection of the macroscopically neoplastic lymph node is contrary to the standard of oncologic reoperation, which requires complete removal of all lymph nodes in the involved area of the neck to be considered a successful reoperation. The PEI procedure can be applied only to small metastases and represents a nonsurgical, minimally invasive, "berry picking" intervention. Long-term follow-up of such limited treatment may reveal the same recurrence rate that has been associated with surgical berry picking. Studies focused on PEI have not required complete disappearance of the lesion to consider the treatment successful. The fact that cancer in the potentially persistently affected tissue remains detectable makes the comparison of PEI and reoperation fundamentally difficult. There are differences in patient populations undergoing the different treatments due to deliberate selection bias. Studies evaluating reoperation have included patients with larger lesions, a greater number of lesions, and particularly aggressive PTC.
1,2 The investigators leading the studies examining PEI tend to select poor surgical candidates with a limited number of cervical lesions. Selection bias is evident from the respective mean numbers of treated lymph nodes: 10.05 for patients undergoing reoperation vs 1.5 for those treated with PEI. Patients treated with PEI had a comparable number of previous surgeries, but the older median age of these patients suggests indolent recurrent disease rather than an aggressive pattern of growth. Patients undergoing reoperation clearly carried a higher disease burden and consequently an increased risk of failure and recurrence.
Comparison of complications of the 2 techniques is also complicated. Few of the studies make a distinction between treatments of the central and lateral compartments of the neck. The PEI procedure was chiefly used to treat lateral neck lymph nodes, where risk of RLN injury is minimal; the data regarding this complication is skewed in PEI's favor. To balance the comparison of RLN injury risk associated with either treatment, future investigations should consider reoperation and PEI in the central compartment separately from those in the lateral compartment. Furthermore, while most of the studies included a discussion of RLN injury, few discussed the use of routine pretreatment and posttreatment laryngoscopy in determining presence of vocal cord dysfunction.
Decline in Tg serum levels is an indicator of adequate reoperation or PEI treatment of macrometastases, even in the setting of multiple prior recurrences. 3, 8, 11 While patients who underwent reoperation had significantly higher initial and postoperative Tg levels, comparison of the Tg serum level trends indicates that the 2 techniques have a very similar effect on the posttreatment Tg serum levels. It should be noted that assays used to measure Tg levels have undergone refinements in the examined period. In addition, while some studies report baseline levels only, several of the newer studies instead featured stimulated levels. This further complicates the comparison. Radioactive iodine, CT, or PET or scans were used to monitor for distant metastases in several studies evaluating reoperation, but significantly fewer PEI studies than reoperation studies discuss the use of these imaging procedures.
Review of these studies revealed that routine postoperative screening with ultrasonography and FNA has become a ubiquitous component of PTC treatment. Nearly all studies directly stated that this protocol identified the locally recurrent lesions. Likewise, measurement of Tg levels appears to be gaining acceptance among clinicians treating PTC, although the data on this metric are not yet as abundant. Evaluation of vocal cords and imaging techniques used in screening for distant metastases are 2 aspects of PTC care that could benefit from a similarly systematic approach. While large, randomized prospec- tive studies may not be feasible for evaluation of every new intervention, adherence to a rational treatment protocol may allow for a relatively easy retrospective comparison to standard of care.
The PEI procedure may offer significant health care expenditure savings because it does not need to be performed in the operating room, does not require general anesthesia, and is unlikely to require a significant period of inpatient observation. The benefit of PEI in a single treated lesion may not be permanent, and patients may require repeated treatments. This reality is suggested by the recurrence risk of 11.9% after PEI in the examined studies. In contrast, the median disease-free period following adequately aggressive reoperations can be as long as 7.25 years.
16 Therefore, while PEI may represent a promising treatment in high-risk patients with recurrent PTC, most of the current literature supports reoperation as the standard of clinical care. Based on available data, our recommendations include routine pretreatment and posttreatment laryngoscopy, measurement of Tg levels, and routine monitoring for recurrent disease with follow-up measurement of Tg levels, ultrasonography, with FNA.
Conclusions
In practiced hands, surgery is the indisputable standard of care for recurrent PTC recurrences. While PEI is a minimally invasive, it cannot provide definitive treatment for recurrent PTC.
Further high-quality investigation is needed to establish PEI's role in the treatment of high-risk patients who have few viable options for treatment, whether the intent is curative or palliative. The characteristics of PEI make it a potential complement to reoperation in the management of recurrent PTC. Routine evaluation of RLN function and Tg levels as well as ultrasonography with FNA in patients treated with either reoperation or PEI will provide a high standard of care immediately and generate high-quality data to compare their outcomes in future studies. Table 2 for sample sizes.
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